The majority of these operations are requested by patients in their late teens and twenties, and procedures are commonly performed on an outpatient basis in ambulatory surgery centers. 1, 7 To the authors' knowledge, no previous study has specifically examined, on a national level in the United States, the incidence and trends of ACL reconstructions performed in the inpatient setting. Lyman et al 1 attempted to evaluate the epidemiology of ACL reconstruction using the International Classification of Diseases, 9th edition (ICD-9-CM). Although no specific ICD-9 procedure code exists for ACL reconstruction, they reported that 99.3% of all surgeries coded as 81.45 in a statewide New York outpatient database were specific for ACL reconstruction. The current authors hypothesized that by following the methods of Lyman et al, they would be able to use the Nationwide Inpatient Sample (NIS), a similar ICD-9-CM coded database.
The purpose of this study was to evaluate annual trends in various demographics and perioperative characteristics of patients in the NIS database who underwent an inpatient cruciate ligament reconstruction from 1998 to 2010. Specifically, the authors assessed trends in (1) the incidence of inpatient cruciate ligament reconstruction; (2) patient demographics, including age, sex, race, insurance type, and comorbidities; (3) perioperative complications during inpatient stay and the impact of various demographics, comorbidities, and hospital volume Abstract: This study evaluated inpatient cruciate ligament reconstruction in the United States during a 13-year period. The Nationwide Inpatient Sample database was used to identify inpatient cruciate ligament reconstructions performed from 1998 to 2010. National trends in incidence, patient demographics, perioperative complications, length of stay, and total admission costs were evaluated. The impact of various contributing factors on these outcomes was further evaluated using multivariable regression analyses. 
Materials and Methods

Study Population
The NIS, a division of the Healthcare Cost and Utilization Project, is a 20% representative sample of annual hospital admissions in the United States.
8 The NIS contains both demographic and clinical variables for each admission, including the ICD-9-CM diagnosis and procedure codes. The database also assigns weighted variables to each admission to allow national estimates to be calculated. The NIS is publicly available to researchers and contains de-identified health information. Therefore, this study did not require institutional review board approval.
Ascertainment of Cases
The study population included all admissions between 1998 and 2010 with cruciate ligament reconstruction (81.45) or triad knee reconstruction (81.43) as their principal ICD-9-CM procedure code. Although procedure code 81.45 cannot be used to separate anterior and posterior cruciate ligament reconstruction and augmentation procedures, a prior study found that 99.3% of all surgeries coded as 81.45 were specific for ACL reconstruction.
1 Therefore, the current authors believe that a very high percentage of patients in the NIS with a 81.45 or 81.43 procedure code underwent ACL reconstruction. To remove potential readmissions or transfers, they excluded admissions with a date of surgery prior to the date of admission.
Ascertainment of Covariates
For each admission, demographic data, including age, sex, race (white, black, Hispanic, or other), insurance (Medicare, Medicaid, private, or other), and year of admission (1988 to 2010), were extracted. Due to low frequencies, the race designations of Native American and Asian or Pacific Islander were merged into the "other" race category. Similarly, the insurance designations of self-pay and no charge were merged into the "other" insurance category. Comorbidities were calculated from ICD-9-CM diagnosis codes using Charlson and Deyo's method, 9 and patients were stratified into score categories of 0, 1, or 2 or more complications.
To determine the volume of inpatient cruciate reconstruction at each hospital where an admission occurred, the authors calculated the number of admissions at each hospital for a given year using unique hospital identifier codes. Annual, as opposed to cumulative, admission values were used because hospital participation varied from year to year and there may have been fluctuations in volume at particular hospitals. Because the frequency of procedures decreased each year during the study period, tertile cutpoints were used to classify hospitals as being low, medium, or high volume for a given year.
Ascertainment of Outcomes
Using ICD-9-CM diagnosis codes, the authors calculated perioperative complications during the inpatient stay, as previously defined by Lin et al. 10 Fourteen relevant complications-acute renal failure, tachycardia, wound hemorrhage, wound disruption, wound infection, deep venous thrombosis, acute myocardial infarction, pneumonia, pulmonary embolism, sepsis, urinary tract infection, incision and debridement, stroke, and death-were defined for this study. In the current authors' statistical analyses, a complicated admission was defined as having 1 or more perioperative complications during the course of admission. For each patient, data on length of stay and total cost of admission were also extracted.
Statistical Analysis
Frequency tables were used to generate descriptive statistics of demographic variables, including age, sex, race, insurance, and Deyo comorbidity score. The rate of perioperative complications was expressed as the number of events per 1000 cruciate reconstruction admissions. Means and 95% confidence intervals (CIs) were calculated for continuous variables, including age, comorbidity score, length of stay, and total cost. Trends in these variables were assessed according to year of admission. In addition, annual trends in the number of total admissions and the number of complicated admissions were assessed.
Multivariable regression analyses were used to model the contributions of age, sex, race, insurance type, and comorbidities to the authors' outcome variables. Logistic regression was used to calculate the odds ratio (OR) of having a complicated admission, and linear regression was used to calculate the parameter estimates of mean lengths of stay and mean total costs. In the linear regression models, both length of stay and total cost were logtransformed to help normalize their right skew, and parameter estimates were interpreted as percentage differences using the formula 100(e b -1), where b is the estimated standardized regression coefficient of a log-transformed outcome variable.
11
The authors used NISprovided weighting variables in their analyses to generate national estimates of admissions for ACL reconstructions in the United States. All statistical analyses in this study were performed using SAS version 9.2 software (SAS Institute Inc, Cary, North Carolina), and all figures were generated using Microsoft Excel 2010 (Microsoft Corporation, Redmond, Washington). A P value of less than .05 was used as a threshold for statistical significance.
results
The study population consisted of 104,740 admissions between 1998 and 2010 (Table 1). The annual number of admissions decreased significantly during the study period, The mean age of all admissions was 30 years (95% CI, 30.1 to 30.5), and 94% of admissions involved patients younger than 50 years. However, there was a significant upward trend in the mean age of admitted patients, from 29 years in 1998 to 31 years in 2010 (ß=0.17, P<.0001) (Figure 2) .
Patients predominantly were male (61%) and white (75%), had private insurance (72%), and were admitted to highvolume hospitals (76%). The majority of the patients had a Deyo comorbidity score of 0 (93%), and the mean Deyo score was 0.075 (95% CI, 0.071 to 0.079). Comorbidity scores did show an upward trend during the study period, from 0.051 in 1998 to 0.174 in 2010 (ß=0.009, P<.0001) (Figure 3 ).
There were 20.5 complicated admissions per every 1000 admissions for cruciate reconstruction. The most common perioperative complications were urinary tract infection (7.4 per 1000), irrigation and debridement (3.0 per 1000), pneumonia (3.0 per 1000), deep venous throm- (Figure 4) . The mean length of stay was 1.6 days (95% CI, 1.59 to 1.65) during the study period. There was a significant annual increase from 1.49 days in 1998 to 2.36 days in 2010 (ß=0.06, P<.0001) (Figure 5) .
The mean cost of inpatient admission was $18,972 (95% CI, $18,727 to $19,217) during the study period. This mean cost rose each year, from $11,103 in 1998 to $46,528 in 2010 (ß=2522, P<.0001) (Figure 6) . However, the total amount spent (annual incidence multiplied by mean costs) decreased from $188.7 million in 1998 to $117.8 million in 2010 (µ=-8,242,848, r=0.85, P<.001) (Figure 7) .
In their multivariable regression model of having a complication, the authors found that age and Deyo comorbidity score were associated with increased risk of complication ( In linear regression models (Table 3) , older age was associated with both longer mean length of stay and higher mean total cost of admission. Patients who were older than 50 years had a mean length of stay that was 41% longer (95% CI, 34.23 to 47.48; P<.0001) and a mean total cost that was 36% higher (95% CI, 29.70 to 42.12; P<.0001) when compared with patients who were 
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Copyright © SLACK inCorporAted n tips & techniques younger than 19 years. Being female was associated with increased length of stay and decreased cost when compared with being male. Being black was also associated with increased length of stay and increased total cost when compared with being white. Patients who had private insurance had a significantly shorter length of stay and decreased total cost compared with patients with Medicare. Increased comorbidity scores were associated with significantly greater length of stay and total cost. Compared with admissions with a Deyo score of 0, admissions with a score of 2 or greater had a mean length of stay that was 61% longer (P<.0001) and a mean total cost that was 33% higher (P<.0001). When compared with admissions at lowvolume hospitals, admissions at high-volume hospitals had a mean length of stay that was 17% (P<.0001) shorter and a mean total cost that was 14% (P<.0001) lower. Although admissions to medium-volume hospitals did not differ from admissions to low-volume hospitals regarding length of stay, the former had a 7% (P<.001) lower mean total cost.
discussion
Estimations of the incidence of ACL reconstruction in the United States are highly speculative and broad (from 60,000 to 175,000 procedures per year). [1] [2] [3] [4] [5] [6] This study found that older age and higher comorbidity index were associated with a higher complication rate, but that sex did not affect the complication rate. To the authors' knowledge, this is the first study evaluating complications of inpatient cruciate ligament reconstruction on a nationwide level. The authors found that although the overall rate of complications was low, the most common complications included urinary tract infection, wound complications requiring irrigation and debridement, pneumonia, and deep venous thrombosis. These are consistent with the complications of many other major orthopedic procedures. [12] [13] [14] [15] To the authors' knowledge, no previous study has attempted to evaluate the mean length of stay and admission costs of inpatient cruciate ligament reconstruction. The current data showed that although the total amount spent during inpatient ACL reconstruction had de- n tips & techniques creased from $188.7 million in 1998 to $117.8 million in 2010, there was a gradually significant increase in mean length of stay and total admission costs per each case during the study period. These potential changes may be due, in part, to the overall increase in the cost of health care in the United States. In addition, the significant increase in the mean age and the number of comorbidities of admissions may have also contributed to the increase in mean length of stay and total admission cost. Because the mean cost of outpatient ACL reconstruction is markedly lower ($5168 per procedure), 16 inpatient reconstruction should be reserved for cases in which clinically it may be considered unsafe for patients to be discharged home during the procedure day. Despite these increased costs, inpatient surgical treatments may still be cost-effective when compared with rehabilitation for selected patients. Mather et al 7 evaluated the cost-effectiveness of ACL reconstruction compared with structured rehabilitation using Markov decision models. They reported that in the short- 
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Copyright © SLACK inCorporAted n tips & techniques to intermediate-term follow-up (6 years), ACL reconstruction was both less costly (a cost reduction of $4503) and more effective (0.18 quality-adjusted life years gained) when compared with rehabilitation. In the long-term, the mean lifetime cost to society for a typical patient undergoing ACL reconstruction was $38,121, compared with $88,538 for rehabilitation. Overall, ACL reconstruction resulted in a mean incremental cost savings of $50,417 while providing an incremental quality-adjusted life years gain of 0.72 compared with rehabilitation. The mean costs of admission found in the current study are still less than the rehabilitation management cost as reported by Maher et al. 7 Thus, in a small and selected group of patients who may be older or have complicated comorbidities for which it may not be safe to undergo an outpatient procedure, inpatient cruciate ligament reconstruction may still be more cost-effective than nonoperative management. Therefore, it should not be denied by insurance providers.
This study had several limitations that are inherent to a database study. The study was observational, and thus the authors cannot rule out the effect of residual confounding on the results. The clinical data were based on ICD-9-CM diagnosis and procedure codes, limiting the authors' ability to account for differences in mechanism of injury, procedure type, grafts used, and severity of injury. The ICD-9-CM code 81.45 is defined as "cruciate ligament reconstruction" and fails to differentiate between anterior and posterior ligament reconstructions. As mentioned previously, a prior study 1 found that 99.3% of all surgeries coded as 81.45 in a similar database were specific for ACL reconstruction. Therefore, the potential bias of posterior cruciate ligament reconstructions is likely minimal.
Despite these limitations, the authors believe that the findings of this study are valuable because, to the best of their knowledge, this is the first study evaluating the actual nationwide incident trends, patient characteristics, and economical assessment of inpatient cruciate ligament reconstruction across the United States. These data can ultimately be applied by orthopedic surgeons to identify target areas for improving patient outcomes and reducing perioperative complications.
conclusion
There was a significant reduction (670%) in the annual number of inpatient cruciate reconstructions between 1998 and 2010. During this period, the mean age, number of comorbidities, length of stay, and total admission costs significantly increased for inpatient admissions. Patients predominantly were male and white and had private insurance. The most common complications during admission included urinary tract infection, irrigation and debridement, pneumonia, and deep venous thrombosis. The number of complicated admissions also increased gradually during the study period, and older age and increased number of comorbidities significantly increased the risk of perioperative complication. The authors believe that these data can be used as a comparison pilot cohort for potential future outpatient analyses of cruciate ligament reconstruction in the United States.
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